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SUMMARY 

Tests were made of in f la ted  polyhedral shapes of t h in  aluminum- 
coated p l a s t i c  t o  determine t h e i r  su i t ab i l i t y  as a r t i f i c i a l  ear th  sat- 
e l l i t e s  having enhanced v i s i b i l i t y  as a r e s u l t  of br ight  f lashes  of 
re f lec ted  l i g h t  f’rom the face ts .  It was found t h a t  a polyhedron with 
12 major faces, when inf la ted  as a simple balloon, gave about one f l a sh  
per revolution about a random axis  when illuminated by a l i g h t  repre- 
senting the sun. A s  a r e s u l t  of the bulging of the facets ,  t he  bright- 
ness of these f lashes  w a s  only about three t i m e s  greater than t h a t  from 
an equivalent sphere, which i s  much less than the  theore t ica l  brightness 
from a polyhedron having opt ical ly  f la t  face ts .  

INTRODUCTION 

I n  order t o  obtain the  maximum amount of information from a r t i f i c i a l  
ear th  s a t e l l i t e s ,  it i s  desirable that  op t ica l  tracking, both photographic 
and visual,  be as complete as possible. It i s  therefore desirable  that 
these satell i tes be as conspicuous as possible.  
suggested tha t  a ro ta t ing  s a t e l l i t e  i n  the form of a faceted specular 
sphere would give random bright flashes from ref lec ted  sunlight, thus 
improving the v i s i b i l i t y  of the s a t e l l i t e .  It i s  shown i n  this reference 
t h a t  a polyhedron having 428 opt ical ly  f l a t  faces should average one 
f l a s h  of ref lected sunlight per revolution fo r  any given observer. These 
f lashes  would be more than a thousand times br ighter  than the  steady 
re f lec t ion  from a sphere of the same surface area. 

I n  reference 1 it was 

The purpose of t h i s  paper i s  t o  present t he  r e s u l t s  of a b r i e f  
investigation i n t o  the f eas ib i l i t y  of constructing satell i tes i n  the  
form of in f la tab le  polyhedrons which have su i tab le  re f lec t ion  character- 
i s t i c s .  It was recognized tha t  the face ts  of such a satell i te would 
not be opt ica l ly  f l a t  but would bulge outward somewhat under the 
in f l a t ing  pressure. 
F i r s t ,  the l i g h t  ref lected from any one face t  would be spread over a 
l a rge r  sol id  angle than tha t  reflected from an opt ica l ly  f l a t  facet, 

This  bulging would have two in te r re la ted  e f fec ts :  
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and second, the brightness of the ref lect ion seen from only one face t  
would be lessened. Because of the f i r s t  effect ,  a smaller number of 
facets would be required t o  produce a given number of flashes per revo- 
lution, since the path swept out by the l i g h t  ref lected from a facet  
would be wider. In  regard to  the second effect ,  the brightness of the 
ref lect ion from a spherical surface i s  proportional t o  the square of the  
radius of curvature. 
fore  s t i l l  be hrlghtcr thmi t i t  from a sphere of equivalent volume, 
since the radius of curvature of the face ts  would be greater than that 
of an equivalent sphere. 
some idea of the magnitude of these effects .  
that a desirable configuration should give roughly one re f lec t ion  per 
revolution about a random axis. This f lash  repet i t ion r a t e  has been 
chosen a rb i t r a r i l y  a s  "optimum" since it i s  not within the scope of t h i s  
paper t o  discuss a l l  the variables which would determine the optimum rate 
fo r  a real s a t e l l i t e .  

The ref lect ion from the bulging facets wo-ild t'nere- 

The purpose of the t e s t s  reported w a s  t o  obtain 
It was a rb i t r a r i l y  decided 

MODELS AND PROCEDURE 

The models used f o r  the tests were constructed as simple "balloons" 
of thin sheet material about 0.001 inch thick.  About one-third of t h i s  
thickness was Mylar plas t ic ;  the rest (outer surface) w a s  aluminum f o i l .  
A ser ies  of models was f i r s t  made i n  order t o  get  some idea of the opt i -  
mum configuration. 
polyhedrons having from 12 t o  32 faces. 

These models were based on regular and semiregulm 

The inf la ted models were supported by the airstream from an e l ec t r i c  
fan aimed ver t ica l ly .  It w a s  found tha t  when supported i n  the airstream, 
the model rotated about an axis  t ha t  w a s  constantly changing with respect 
t o  the model, although this axis did not depart more than about 300 from 
the ver t ical .  
i n  the shape of the model. 

This method of suspension caused very l i t t l e  d is tor t ion  

The models were illuminated by a spotlight i n  a darkened room and a 
photocell w a s  used t o  pick up the re f lec t ion  from the model. The angle 
between the spotlight and the photocell as seen from the model was 90'. 
The signal from the photocell was fed in to  a direct-current amplifier 
and then t o  a dual-channel recording galvanometer. 
system was l inear .  A manually operated switch w a s  used t o  feed b l ips  
in to  the second channel i n  order t o  note revolutions of the model as 
counted by the  observer with the a id  of a small mark on the model. 

The response of t h i s  
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RESULTS O F  PRELlMcNAFX TESTS 

A series of preliminary models w a s  t es ted  i n  order t o  determine the  
These models were checked f o r  approximate radius  

A 32-faced truncated icosahedron (12 pentagonal 

The measured radius  of curvature of the 
Figure 1 shows 

The average l i n e  

Based on the meas- 

This model w a s  elimi- 

optimum configuration. 
of curvature of the faces  by means of templates, and some l igh t - re f lec t ion  
measurements were made. 
and 20 hexagonal faces of approximately equal area)  w a s  found t o  be too 
nearly spherical  when inf la ted.  
faces w a s  about 1.5 times that of the  equivalent sphere. 
a typ ica l  galvanometer t r ace  fo r  t h i s  model. 
on the zero reference l i n e  are the revolution markers. 
shown w a s  obtained by integrat ing the area under the  curve. 
re f lec t ions  reach a value of about twice the  average. 
ured radius  of curvature of the  faces, the  calculated peak re f lec t ions  
should be 2.25 times t h a t  of an equivalent sphere. 
nated from fur ther  consideration because the  flash repe t i t ion  rate w a s  
too high and the f l a sh  brightness too low. 

The short  v e r t i c a l  marks 

The peak 

A 20-faced model (a regular icosahedron) w a s  a l so  found unsuitable 
because the t r iangular  shape of the  facets  resul ted i n  a very d is tor ted  
surface which did not approximate a spherical surface. This d is tor ted  
shape spread the l i g h t  re f lec ted  from a face t  over a wide angle, thus 
reducing the brightness of the  individual face ts .  

Preliminary tests of a regular dodecahedron (12 pentagonal faces)  
indicated tha t  th i s  shape was ne= the optimum f o r  t h i s  type of model 
construction. It w a s  concluded f romthe  preliminary t e s t s  t h a t  the model 
should have about 12 major face ts  and t h a t  the f ace t s  should have as many 
sides  as possible; that is, they should approximate c i r c l e s .  Facets with 
a small number of sides, such as triangles,  were found t o  have d is tor ted  
surfaces with small r a d i i  of curvature, resu l t ing  i n  low-intensity re f lec-  
t ions .  Consequently, for  the f i n a l  t e s t s ,  a dodecahedron shape w a s  modi- 
f i e d  in to  a truncated dodecahedron by cu t t ing  of f  the 20 ver t ices ,  thus 
forming 12 large 10-sided faces and 20 small t r iangles .  
half  of t h i s  model is  shown i n  figure 2. This model w a s  designed t o  have 
the  same surface area as a sphere 30 inches i n  diameter. A spherical  
model 30 inches i n  diameter constructed of 36 lunes was used f o r  compari- 
son. The two models were made of the  same aluminum-l@lar material ,  but 
because of differences i n  construction techniques, the polyhedral model 
had a considerably more crinkled surface. 
these models. Reflection measurements were made fo r  t h i s  faceted model 
and f o r  the reference sphere. 

A pat tern f o r  

Figure 3 i s  a photograph of 



4 

RESULTS AND DISCUSSION 
c 

Measurement of Reflection 

A typ ica l  portion of the galvanometer t race  for  the faceted model 
and the reference sphere i s  shown i n  figure 4. 
the  random nature of t.he %right re f lec t ion  from the faceted model. 
nigher peaks a re  about three t i m e s  the  average value fo r  t h i s  model. 
The measured radius of the major face ts  w a s  about twice tha t  of the 
reference sphere; thus, the calculated ref lect ion leve l  from these faces 
i s  four t i m e s  t ha t  of the reference sphere. The crinkled nature of the 
surface probably accounts fo r  the difference between the calculated and 
the measured ref lect ion.  
more than half of the average. 

Figure 4(~) indicates 
The 

The minimum ref lec t ion  intensi ty  i s  a l i t t l e  

The jagged nature of the t race  fo r  the reference model ( f ig .  4 (b ) )  
shows tha t  t h i s  model i s  by no means a perfect sphere. 
ent ly  remain somewhat f la t tened and give re f lec t ions  occasionally over 
twice as br ight  as  the average value. 
well  defined than fo r  the faceted model, but appears t o  be about half of 
the  average. The average re f lec t ion  intensi ty  fo r  the two models agrees 
within about 5 percent, which i s  probably within the experimental accu- 
racy of the  method.. 

The lunes appar- 

The minimum ref lect ion i s  less 

It i s  seen that although there i s  some gain from the use of a simple 
inf la ted multifaceted satell i te as compared t o  a sphere, the gain i s  not 
great and i s  much l e s s  than would be obtained from opt ical ly  f l a t  faces. 
For example, a polyhedron with 428 accurately f l a t  ref lect ing facets  
should give flashes about 1,400 t i m e s  as br ight  as the ref lect ion from 
a sphere. If the flashes from the comparison sphere were rapid enough 
so that the average l i g h t  value was seen, then the faceted model would 
give roughly one f lash  per revolution having an in tens i ty  three times 
that of the comparison sphere. Since the human eye and photographic 
emulsion both have an approximate logarithmic response, a factor of 3 
i n  intensity i s  not l ike ly  t o  be very s ignif icant .  I n  between these 
f lashes  there would be other flashes of somewhat lower intensi ty ,  but 
the  brightness would not drop below about half the value of tha t  for  
the  comparison sphere. 

Construction Considerations 
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A faceted ty-pe of construction of fe rs  some poss ib i l i ty  of weight 
saving as a r e su l t  of the reduction of seam length over tha t  for the 
lune type of sphere construction. 
300 faces before the t o t a l  seam length became equal t o  tha t  for a sphere 
constructed of 36 lunes. 

A faceted shape could have about 
#. 
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A polyhedron of 92 faces (12 pentagons, 80 hexagons) would probably 
be very nearly spherical when inf la ted and would have only about 55 per- 
cent of the seam length of a 36-lune sphere. 

Some consideration was given t o  the poss ib i l i ty  of constructing 
polyhedrons supported by a series of inf la table  tubes running along the 
edges. Although brief tests of a simple model constructed i n  t h i s  man- 
ner were not encouraging, the t e s t s  were not extensive enough t o  warrant 
any conclusions. 

CONCLUDING REMARKS 

T e s t s  were made of in f l s ted  polyhedral shapes of t h in  aluminum- 
coated p l a s t i c  t o  determine the i r  su i tab i l i ty  as a r t i f i c i a l  ear th  sat- 
e l l i t es  having enhanced v i s i b i l i t y  as a result of bright f lashes of 
ref lected l i g h t  from the facets.  

Assuming tha t  the desired f lash rate i s  one per revolution, it was 
found tha t  the  optimum shape for  a simple balloon type of construction 
was a polyhedron with 12 major faces. It w a s  found that when the model 
was rotated about a random axis and illuminated by a l i gh t  representing 
the  sun, an observer would see roughly one br ight  f lash  per revolution 
of the model. 
brightness of the ref lect ion from a reference sphere. Since the human 
eye and photographic emulsions both have an approximately logarithmic 
response, t h i s  gain cannot be considered very s ignif icant  and i s  much 
less than would be obtained from optically f lat  faces. 
brightness w a s  about half that  of the reference sphere and the average 
value w a s  about the same as  the average of the reference sphere. 

"he brightness of these f lashes  w a s  about three times the 

The minimum 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field, Va.,  August 25, 1959. 
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Figure 2.- Pattern for  half  of a truncated dodecahedron. 
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